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Method and Apparatus for Synchronizing Signals in a Testing System 



BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

[0001]The present subject matter relates generally to testing integrated circuits and 
more particularly to improving measurement techniques for integrated circuits. 

Background Information 

[0002] The ubiquitous presence of integrated circuits (ICs) in almost every electronic 
device is testament to their importance in today's society. ICs are generally manufactured 
in wafer form, where multiple ICs are manufactured in an array using photolithography 
techniques. The ICs may be tested at various stages in the manufacturing process. For 
example, the ICs may be tested while they are in wafer form. The ICs also may be tested 
after they have been packaged by providing signals to the various pins of the package 
and examining the output pins. 

[0003] One method of providing signals to the various pins of the package includes 
constructing an application specific circuit board for testing purposes, often called a "load 
board." The load board contains the IC to be tested, sometimes referred to as a device 
under test. Figure 1 depicts a group of load boards 10A-C coupled to a tester 12. Load 
boards 10A-C include at least one device under test (DUT) 14A-C and oscillators 16A-C. 
Oscillators 16A-C are coupled to the DUTs 14A-C and provide a timing signal to each 
DUT 14A-C. Tester 12, which also includes an oscillator 18, is capable of performing 
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various measurements on the DUTs 14A-C. The particular functionality of the various 
DUTs may determine the measurements taken by the tester 12. For example, some 
DUTs may contain radio-frequency (RF) functionality and therefore the tester 12 may 
measure the spectral content of signals generated by the DUTs. Furthermore, the 
measurements taken by the tester 12 may include sampling signals associated with the 
DUTs 14A-C at discrete instants of time. 

[0004] Figure 2 illustrates an exemplary signal 20 generated by any one of the DUTs 
14A-C as well as a timing signal 22 generated by any one of the oscillators 16A-C. Timing 
signal 22 is shown as a digital signal having a high state and a low state. Signal 20 is 
shown as an analog signal having an active portion that corresponds with the high state 
of timing signal 22, and an inactive portion that corresponds with the low state of timing 
signal 22. Oscillator 18 provides tester 12 with a tester timing signal 24. In order to 
accurately measure signal 20, tester 12 samples signal 20 on the low-to-high transitions 
of the tester timing signal 24 as indicated by the upward facing arrows on timing signal 
24. Measurement problems may arise if the sampling performed by tester 12 is not 
performed consistently during each sampling interval. For example during the high state 
cpi, signal 24 has one low-to-high transition, indicating one sampling of signal 20 during 
<Pl However during the high state q> 2 , signal 24 has no high-to-low transitions indicating 
that no sampling of signal 20 occurs during (p 2 . As a result, signal 20 may be sampled 
unevenly during successive sampling intervals causing measurement problems. Thus, a 
method and apparatus for synchronizing timing signals in a testing system is desirable. 

BRIEF SUMMARY 

[0005] A method and apparatus for synchronizing timing signals in a testing system is 
disclosed. In some embodiments, the timing signal associated with each device under 
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test (DUT) is maintained at an integer multiple of the tester timing signal. Additionally, in 
other embodiments, the timing signal associated with various DUTs is used as a timing 
reference for other devices. 

NOTATION AND NOMENCLATURE 
[0006] Certain terms are used throughout the following description and claims to refer to 
particular system components. As one skilled in the art will appreciate, semiconductor 
companies may refer to a component by different names. This document does not intend 
to distinguish between components that differ in name but not function. In the following 
discussion and in the claims, the terms "including" and "comprising" are used in an open- 
ended fashion, and thus should be interpreted to mean "including, but not limited to...." 
Also, the term "couple" or "couples" is intended to mean either an indirect or direct 
connection. Thus, if a first device couples to a second device, that connection may be 
through a direct connection, or through an indirect connection via other devices and 
connections. In addition, the term "synchronize" is intended to mean that two signals have 
frequencies that are substantially integer multiples of each other according to the 
equation: n • fi = m • f 2 , where U represents the frequency of a first signal and f 2 
represents the frequency of a second signal and n and m are integer numbers. 
Furthermore, there may or may not be a static phase offset between two "synchronized" 
signals. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] For a more detailed description of the preferred embodiments of the present 
invention, reference will now be made to the accompanying drawings, wherein like 
components are indicated using like reference numbers: 
Figure 1 depicts a testing system; 

Figure 2 illustrates representative signals used in testing ICs; 

Figure 3A illustrates an exemplary system for achieving synchronization; 

Figure 3B illustrates an exemplary error detector; 

Figure 4 illustrates another exemplary system for achieving synchronization; and 
Figure 5 illustrates yet another exemplary system for achieving synchronization. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0008] The following discussion is directed to various embodiments of the invention. 
Although one or more of these embodiments may be preferred, the embodiments 
disclosed should not be interpreted, or otherwise used, as limiting the scope of the 
disclosure, including the claims, unless otherwise specified. In addition, one skilled in the 
art will understand that the following description has broad application, and the discussion 
of any embodiment is meant only to be exemplary of that embodiment, and not intended 
to intimate that the scope of the disclosure, including the claims, is limited to that 
embodiment. 

[0009] Figure 3A illustrates an exemplary system 30 for testing DUTs according to the 
preferred embodiments. System 30 includes the tester 12 that further includes the 
oscillator 18. Oscillator 18 is coupled to a divider 32 via tester 12. System 30 also 
includes load boards 10A-C comprising variable oscillators 34A-C and DUTs 14A-C. The 
variable oscillators 34A-C are preferably crystal-based oscillators that have relatively low 
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phase noise and are coupled to dividers 36A-C and DUTs 14A-C. The oscillation 
frequency of variable oscillators 36A-C may be adjusted in many different ways. For 
example in some embodiments, variable oscillators 36A-C comprise voltage controlled 
oscillators, where the oscillation frequency is varied by varying a voltage provided to the 
variable oscillators 34A-C. Divider 32 and dividers 36A-C couple to error detectors 38A-C. 
Error detectors 38A-C are further coupled to low pass filters (LPFs) 39A-C. Error signals 
41A-C, coming from LPFs 39A-C, couple to the variable oscillators 34A-C respectively. 
Divider 32 provides a frequency divided version of the timing signal from oscillator 18 to 
error detectors 38A-C. Likewise dividers 36A-C provide frequency divided versions of the 
timing signals from variable oscillators 34A-C to error detector 38A-C. The divide ratio of 
each divider in system 30 may be adjusted independently of each other. Preferably, 
dividers 36A-C and divider 32 provide common unit frequencies for the error detectors 
38A-C to compare. 

[0010] For example, assume a common unit frequency of 1 MHz is desired where the 
timing signal coming from oscillator 18 has a frequency of 13 MHz and the timing signal 
coming from variable oscillator 34A has a variable frequency of 10 +/- 0.005 MHz. In this 
example, in order to provide a common unit frequency of 1 MHz to error detector 38A, 
divider 32 may be configured to divide by 13. Although the frequency coming from 
variable oscillator 34A may not be initially equal to 10 MHz (e.g., 9.95 MHz), the divider 
36A may be configured to divide by 10. Therefore, the signal coming from divider 32 is 1 
MHz and the signal coming from divider 36A is 0.995 MHz. Error signal 41 A would then 
indicate the difference between these two frequencies (i.e., 0.005 MHz) and provide 
variable oscillator 34A with error signal 41 A that is proportional to the difference between 
the two incoming signals. In this manner, the feedback loop formed by variable oscillator 
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34A, divider 36A, error detector 38A, and LPF 39A allows the oscillation frequency of the 
variable oscillator 34A to be synchronized with the oscillation frequency of the tester 
timing signal. 

[0011] Although system 30 depicts three load boards 10A-C, other numbers of load 
boards (i.e., one or more) are possible as is depicted in Figures 4 and 5. Also, although 
system 30 illustrates divider 32 implemented as a single divider, divider 32 may be 
implemented as multiple dividers coupled to the oscillator 18. Additionally, error detectors 
38A-C preferably have linear transfer functions such that changes in the difference 
between the two frequencies provide linear output responses to variable oscillators 34A- 
C. 

[0012] Figure 3B illustrates an exemplary error detector implemented as an XOR gate 42 
along with an accompanying timing diagram. The XOR gate 42 has terminals A and B 
and an output signal ERROR OUT that is the difference between the signals at the A and 
B terminals. The ERROR OUT signal generated by the XOR gate 42 is in a low state 
when the signals present at the A and B terminals are the same (i.e., both low or both 
high), and the ERROR OUT signal is in a high state when the signals at the A and B 
terminals are different. Voltage values may be associated with the various digital states of 
ERROR OUT. For example, the low state may be associated with 0 volts whereas the 
high state may be associated with 2.5 volts. By coupling this voltage to a voltage 
controlled variable oscillator, the oscillation frequency of the variable oscillator can be 
adjusted. Further, this adjustable oscillation frequency may be implemented in a feedback 
loop to minimize the difference between the signals and synchronize the variable 
oscillators 34A-C to the oscillator 18. In this manner, the timing signal associated with 
oscillator 18 and the timing signal associated with oscillator 34A may be configured so 
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that the two signals contain integer multiples of each other according to the equation n • 
f-i = m • f 2l where n and m are integer numbers. 

[0013] For example, if the timing signal associated with oscillator 18 is 13 MHz (fi) and 
the timing signal associated with oscillator 34A has been adjusted (using the feedback 
provided by the error detector 38A) to be 10 MHz fc) , then oscillator 18 will undergo 13 
cycles in the time it takes variable oscillator 34A to undergo 10 cycles (i.e., n = 10 and m 
= 13.) Likewise, if the timing signal associated with oscillator 18 is not precisely 13 MHz, 
so that its divided down version provided to error detector 38A is not precisely 1 MHz, 
then the feedback loop comprising divider 36A, error detector 38A, LPF 39A, and variable 
oscillator 34A may adjust variable oscillator 34A so that its divided down version provided 
to error detector 38A is approximately equal to the divided down version from oscillator 
18. Thus, the measurement problems associated with mismatched oscillation frequencies 
between the tester oscillator 18 and the frequencies associated with the DUTs 14A-C 
may be reduced by synchronizing the variable oscillators to the tester oscillator. 
[0014] Although Figure 3B illustrates one type of error detector, other error detectors are 
possible as described in pages 3-41 of "Monolithic Phase-Locked Loops and Clock 
Recovery Circuits— Theory and Design," by Behzad Razavi, which is incorporated herein 
by reference. 

[0015] Referring again to Figure 3A, the various load boards 10A-C are coupled to 
separate error detectors 38A-C and dividers 36A-C so that the various DUTs 14A-C may 
be configured with unequal oscillation frequencies from variable oscillators 34A-C, yet the 
oscillation frequency of each variable oscillator 34A-C may be individually locked to the 
oscillation frequency of oscillator 18 in the tester 12. This allows DUTs with individual 
timing requirements to be tested simultaneously. Also, the spectral purity requirements of 
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each DUT may be accounted for by implementing each variable oscillator 34A-C as a 
crystal-based variable oscillator. 

[0016] Figure 4 illustrates another exemplary system 43 for testing DUTs 14A-C 
according to the preferred embodiments. System 43 includes the tester 12, an oscillator 
44, dividers 45A-B, and a phase locked loop (PLL) 46. Oscillator 44 is coupled to divider 
45A, which is further coupled to DUTs 14A-C on load board 10. Divider 45A therefore 
provides a divided down version of the signal coming from oscillator 44 to DUTs 14A-C. If 
oscillator 44 is a crystal based oscillator, then the amount of phase noise in the signals 
provided to the DUTs 14A-C may be minimized. Oscillator 44 is also coupled to divider 
45B, which is further coupled to PLL 46. The PLL 46 is capable of performing frequency 
synthesis on incoming signals to produce a wide range of frequencies, and providing this 
synthesized frequency to the DUTs 14A-C. In this manner, each DUT receives a divided 
down version of an oscillator signal (i.e., the signal from divider 45A), as well as receiving 
a synthesized version of the oscillator signal. Accordingly, system 43 is capable of 
providing for a wide variety of frequency needs. 

[001 7] For example, assume that oscillator 44 is a crystal based oscillator with a 
frequency of 260 MHz. Divider 45A may be configured to divide by 10 so that 26 MHz is 
provided to DUTs 14A-C. Divider 45B may be configured to divide by 26 to provide a 10 
MHz signal to PLL 46. In addition, the 10 MHz signal may be used as a low phase noise 
reference to other internal or external devices (not shown) as indicated by the arrow in 
Figure 4. The PLL 46 synthesizes the 10 MHz signal coming from divider 45B into a wide 
range of frequencies, e.g., 1 kHz to 800 MHz. The wide range of synthesized frequencies 
generated by the PLL 46 is provided to DUTs 14A-C. DUTs 14A-C receive the low phase 
noise 26 MHz signal from divider 45A as well as receiving a desired synthesized 
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frequency from PLL 46(which may contain greater phase noise.) This synthesized signal 
from the PLL 46 is also available as a programmable reference to other internal or 
external devices (not shown) as indicated by the arrow in Figure 4. Thus, system 43 is 
capable of providing frequencies for both the devices within system 43 and the devices 
external to system 43 (i.e., digitizer, arbitrary waveform generator, and digital capture 
device.) 

[0018] Figure 5 illustrates another exemplary system 50 for testing DUTs 14A-C 
according to the preferred embodiments. System 50 comprises the tester 12 including a 
plurality of oscillators 52 coupled to a multiplexer 54. Multiplexer 54 is further coupled to 
dividers 45A-B, where divider 45A couples to DUTs 14A-C and divider 45B couples to a 
PLL 46. Dividers 45A-B and PLL 46 in system 50 operate similar to the operation 
described above with regard to system 43. In addition, divided down signal from divider 
45B is capable of being used as an internal and external reference, and the synthesized 
signal from PLL 46 is also capable of being used as an internal or external reference. 
Multiplexer 54 includes a SELECT line that is preferably controlled by the tester 12. By 
configuring the SELECT line, tester 12 may choose from among the various timing 
signals provided by the plurality of oscillators 52 and synchronize the timing signals used 
in the tester to the timing signals used for the DUTs 14A-C. For example, the plurality of 
oscillators may include 260 MHz and 160 MHz oscillators. Tester 12 may then configure 
the SELECT line to choose between the 260 MHz oscillator and the 160 MHz oscillator. 
Since tester 12 is capable of supplying a variety of timing signals to the various DUTs 
14A-C that are synchronized with the timing signals of the tester 12. 
[001 9] While the preferred embodiments of the present invention have been shown and 
described, modifications thereof can be made by one skilled in the art without departing 
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from the spirit and teachings of the invention. The embodiments described herein are 
exemplary only, and are not intended to be limiting. Many variations and modifications of 
the invention disclosed herein are possible and are within the scope of the invention. For 
example, although some embodiments may reduce the phase offsets between timing 
signals, correcting for phase offsets is not required as part of the synchronization process. 
Further, although the embodiments refers to testing a certain number of DUTs, in practice 
testing any desired number of DUTs is possible. Accordingly, the scope of protection is 
not limited by the description set out above. Each and every claim is incorporated into the 
specification as an embodiment of the present invention. 
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